photochemical reactions and transport. Gas-phase photochemical reactions, and heterogeneous 16 surface chemical reactions involving ice, water particles, and aerosols inside the clouds all 17 contribute to the distribution and net production and loss of ozone. Ozone in clouds is also 18 dependent on convective transport that carries low troposphere/boundary layer ozone and ozone 19 precursors upward into the clouds. Characterizing ozone in thick clouds is an important step for 20 quantifying relationships of ozone with tropospheric H 2 O, OH production, and cloud 21 microphysics/transport properties. Although measuring ozone in deep convective clouds from 22 either aircraft or balloon ozonesondes is largely impossible due to extreme meteorological 23 conditions associated with these clouds, it is possible to estimate ozone in thick clouds using 24 backscattered solar UV radiation measured by satellite instruments. Our study combines Aura 
Our study combines Aura OMI and MLS ozone measurements with OMI aerosols and cloud 110 parameters (i.e., cloud pressures, radiative cloud fractions). OMI is a UV/VIS solar backscatter 111 spectrometer that makes daily measurements of Earth radiances and solar irradiances from 270 to 112 500 nm with spectral resolution of about 0.5 nm (Levelt et al., 2006) . OMI scans perpendicular 113 to the orbit path with 60 side-scan positions and provides near-global coverage of the sunlit Earth 114 with a pixel size of 13 km × 24 km at nadir. Description and access to the OMI v8.5 data can be 115 obtained from the website http://disc.sci.gsfc.nasa.gov/Aura/data-holdings/OMI. In January 116
2009 a physical external optical blockage known as the "row anomaly" reduced the number of 117 the 60 good side-scanning row measurements to about 30-40. Scan positions 21-55 are the most 118 affected, with dependence on latitude and specific day. All of the OMI measurements that we 119 use were properly screened to exclude all data affected by the row anomaly artifact. 120 121 OMI cloud pressures and radiative cloud fractions are derived using UV-2 radiances (Vasilkov et 122 al., 2008) . The cloud pressure from OMI is named optical centroid pressure (OCP). As shown 123
by Vasilkov et al. (2008) , the OCP at UV wavelengths lies deep inside the clouds, often by 124 several hundred hPa and therefore is not a measure of true cloud top; they showed this by 125 comparing the OMI OCP measurements with both Cloudsat radar reflectivity profiles and 126 MODIS IR cloud pressures. The OCP effectively represents the bottom reflecting surface for the 127 OMI retrievals in the presence of clouds. The true ozone measurement from OMI is the column 128 amount from the top of the atmosphere down to the reflecting surface. In the presence of a 129 cloud, the OMI algorithm places an ozone "ghost column" climatology estimate below the OCP 130 reflecting surface to obtain total column ozone. although there are small differences due to algorithmic and physical effects (Sneep et al., 2008) . 138
We use the RRS cloud pressure for our study although our results would be nearly identical 139 using the O 2 -O 2 cloud measurements. We refer to "cloud ozone" as the ozone column or ozone 140 mean volume mixing ratio lying between the tropopause and retrieved OCP from OMI under 141 conditions of deep convection. Deep convective clouds often have cloud tops at or near the 142 tropopause. Therefore much if not most of the tropospheric ozone measured between the 143 tropopause and OMI cloud pressure lie within the cloud itself rather than above the cloud top. 144 145 Aura MLS v4.2 profile ozone is included to measure fields of stratospheric column ozone (SCO). 146 MLS SCO is used in conjunction with OMI above-cloud column ozone each day to derive mean 147 column amounts and mean concentrations of ozone measured over deep convective clouds. The 148 MLS ozone profiles are vertically integrated in log-pressure from 0.0215 hPa down to the 149 tropopause to derive measurements of SCO as described by Ziemke et al. (2006 Ziemke et al. ( , 2009 places a climatological ozone ghost column below the OCP to determine total column ozone. 184
For cloud slicing we use only the above-cloud ozone from OMI which is the true measurement. 185
In practice, we determine the above-cloud column ozone by subtracting the ghost column ozone 186 from total column ozone reported in the OMI level-2 orbital datasets. 187
188
In Figure 1 the OMI footprint scene depicted is 100% cloud filled so that the OCP deep inside 189 the cloud represents the bottom reflecting surface for the OMI retrieval. In the more general 190 case, footprint scenes from OMI will not be 100% cloud filled and we account for this. What we 191 actually use for cloud slicing in the Figure 1 schematic is an effective scene pressure (P EFF ) in 192 place of the OCP. P EFF is derived from Australia are comparable during July-November months (i.e., similar to southern Africa in 365 
